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Cosmology Theory

o Kinematics to Dynamics

o Cosmological principle: a homogeneous and
isotropic Universe can be described by a single
function, the scale factor a(t)

o Robertson-Walker metric

dr?
1 — kr?

o k=-1, 0, I for open, flat, or closed geometries

g e L a(?) r?d?




Friedmann Equations
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o Combine R-W metric and General Relativity to
give the equations of motion for a(t)
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e (p+ 3p) “Newton’s Law of Gravitation™
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0 - Energy density of the Universe’s constituents
p - Pressure of the Universe’s constituents
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Normal vs Strange
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o Solve Friedmann Equations depending on
what the Universe is made of (k=0)

Non-relativistic matter: poa ®;p=0— a(t) o t*/3

SR 3 0
Radiation: e R e s a(t) o /2
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Standard Candle: Type Ia Supernovae

Defined empirically as supernovae without Hydrogen but with Silicon

Progenitor understood as a C/O White Dwarf accreting material from a binary
companion

As the White Dwarf reaches Chandrasekhar mass, a thermonuclear runaway is
triggered

Type Ia Spectral Features

A natural triggered and standard bomb
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M, =5 log(h/65)

Kim, et al. (1997)



Current (Pubhshed) Results
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More Data Coming Soon
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o High-z Supernovae

o SNLS, Essence, SCP, PANS
o Medium-z Supernovae

o SDSS
o Local Supernovae

o CfA, KAIT, CSP, SNFactory,...



Supernovae and Weak Gravitational Lensing
Dark Energy Probe
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o Type la Supernovae are...

e A T

o Pathfinding: Provided the first evidence for the Accelerating Expansion of the Universe
o JSensitive: Give strongest weight in constraining dark-energy parameters today
o Mature: Systematic uncertainties identified, strengths and limitations understood
o Easy: Expansion history only, no structure formation
o Weak Lensing
o Established: £2-w measurements have been made
o Sensitivity: Potentially the most constraining probe of dark energy
o Clean: Galaxy shapes have few/no astrophysical systematics
o Together
o Complementary constraints on dark energy parameters

o probe expansion history and growth of structure to distinguish dark energy from
modification to GR






\v er & Huterer (2003)

—0(Q_)=0.03, sys
—o(Q_)=0.01, sys
--0(Q_)=0.01, no sys




Dark Matter Power Spectrum
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Improvements in Next Generation
Experiments
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Most Important
Control sources of systematic uncertainty
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SNAP Telescope
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o Provides a wide-field flat focal plane.
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Instrumentation: Imager
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e A large solid-angle camera (0.7 square
degrees) provides multiplexed
supernova discovery and followup.

F

o Covers wavelength region of interest,
0.35- 1.7 microns.

o Fixed filter mosaic on top of the imager
Sensors.

— 3 NIR bandpasses.
— 6 visible bandpasses.

e Coalesce all sensors at one focal plane.

— 36 2k x 2k HgCdl1e NIR sensors
covering 0.9-1.7 um.

— 36 3.5k x 3.5k CCDs covering HgCade ,
0.35-1.0 um. Spectrograph

r,=6.0 mrad; r,,,=13.0 mrad Spectr. port
rn=129.120 mm; r,,,=283.564

mm




Instrumentation: Imager

0.7 square degrees
9 passbands St D T
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Spectro graph
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o Data cube

Reduces pointing

accuracy requirement

Simultaneous SNe and
host galaxy spectra

Internal beam split to
visible and NIR.




SNAP Surveys
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Start

V Shift by a CCD filter width
o Extension/: T in the sky




SNAP Survey Depth

PR TN Bl 4 Pt SRS P PSR s 9 £ St IR e H VLl et = BT e v PO M
Filter | Ag £ #(A) | AX(A) | SN Survey (AB mag) | Lensing Survey
Scan | Co-added Scans| (AB mag)
1 4400 1000 |27.9 30.6 28.3
2 o060 1150 | 27.8 30.5 28.2
3 56819 1323 | 27.8 30.4 28.1
4 6692 1521 | 27.7 30.4 28.1
5 7696 | 1749 | 27.7 30.3 28.0
6 8850 | 2011 |27.5 30.2 27.9
7 10178 | 2313 | 27.5 30.2 27.8
3 11704 | 2660 |27.4 30.1 27.8
9 13460 | 3059 | 274 30.0 27.7
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SNAP Data Products
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o Supernovae
o ~2000 SNe la @ 0.1<z<1.7
o 9-band light curves with 4-day cadence
o Spectrum near maximum (triggered)
o Weak Lensing
o 1000 square degrees
o 100 resolved galaxies per square degree

o 9-band photo-z determination
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Resolved Galaxies
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Galaxy Counts in Hubble Deep Fields

Stable PSF, fine | o 7" FWHM sae ]
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Photometric z
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Limit: S/N>10, any band
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S/N > 10, any filter

Generated z




Probing Dark Energy
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e Shown is the wo,W' confidence region of this Monte Carlo realization

of the SNAP experiment. There is a prior on Qy and 300 low-z SNe.
An irreducible systematic is included.
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SNe beyond z>1.7
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o NIR detector with 1.7 micron cutoff

o allows observation of the SN Ia Sill 6150A
line up to z<1.7 - “SNAP Requirement”

o restframe optical to z~4

o restframe 25004 to 7~6

o a 2-m space telescope with SNAP deep survey
strategy will find z>1.7 SNe

Aldering et al. (20006)



SN la Total Rate
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With systematics+lensing

SN+CMB
68% cl

— Standard z<1.7 “
—- Standard z<1.7 (no lenshs ~
---2<3, dz/(1+2)=0.05

z<3, ldeal spectroscopic




""'ij.ch systematics + lensing,photo—2z bias

1o projected (39% cl)
SN+CMB

—Az/(142)=0.002

--Az/(142)=0.005
Az/(1+2z)=0.01

— Ideal spectroscopic

.—- Ideal spectroscopic, no bias




SN Systematics
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o Since the discovery of dark energy, possible systematic errors have been identified
and considered.

o Current supernova results are close to systematic error dominated.
o Systematic uncertainties drive the design of the SNAP instrument and statistical

sample

Systematic Control

Host-galaxy dust Wavelength-dependent absorption identified with high S/N multi-band

extinction photometry.

Flux calibration error Program to construct a set of 1% error flux standard stars.

Supernova evolution Supernova subclassified with high S/N light curves and peak-brightness
spectrum.

Malmquist bias Supernova discovered early with high S/N multi-band photometry.

K-correction Construction of a library of supernova spectra.

Gravitational lensing Measure the average flux for a large number of supernovae in each
redshift bin.

Non-Type Ia Classification of each event with a peak-brightness spectrum.

contamination




Host Dust Extinction and Colors
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Flux Calibration Uncertainty
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oComparing the brightness of supernovae at different redshifts
requires comparison of flux measured at different
wavelengths. Color calibration is important!

olntricately related to host-galaxy extinction

oAll supernovae measured in the same 9 passbands and so share
“irreducible” correlated uncertainty

oStandard treatment is to shift data by calibration uncertainties
and determine the shift in dark-energy parameters

oAssuming that they have standard colors, supernovae themselves

can be used to calibrate the passbands
Kim & Miquel (2005)
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SNAP Calibration Uncertainties
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Uncorrelated calibration standard process self-calibration
error per filter
o(w,) = 0.30 o(w,) = 0.30
0007 o(wy) = 0.082 o(wy) = 0.068
o(w,) = 0.40 o(w,) =0.33
O = 0.099 O =0.071
0.005 (Wo) (Wo)
o(w,) = 0.59 o(w,) =0.43
0010 o(wy) = 0.114 o(wy) = 0.075
o(w,) = 0.81 o(w,) = 0.53

38




Calibration Conclusion
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o With 2000 SNe, calibration uncertainties
are a dominant contributor to the dark-
energy error budget

o The method of self-calibration reduces
the systematic floor



imulation Domains
Calibration

Output
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SN Ia Spectral Diversity
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o SNe la absolute magnitude dispersion measured in

broadband filters

o Are SNe la better standard candles at specific
wavelengths?

James, Davis, Schmidt, & Kim (2006)

0 | | | | | | | | | | | | | | | |
3700 3900 4100 4300 4500 4700 4900 5100 5300 5500 5700 5900 6100 6300 6500 6700 6900 7100
A (Angstroms)




Correlations in Spectral Diversity
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5 - Correlations with Sill
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